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PBEFACE 

This manual defines the electclcal and mechanical specifications 
of the Perkin-Elmer Input/Output (I/O) System. 

Because there are several methods of communication between the 
Perkin-Elmer I/O bus, peripheral devices, and/or other system 
elements, a particular system interface may be tailored to the 
individual user's requirements. Each system interface may be 
easily expanded as the user's requirements grow. 

Chapter 1 contains a general description of the Input/Output 
system, including the different types of systems interface 
compatibility. An introduction to the I/O systems modules is 
also discussed in Chapter 1. 

Chapter 2 describes the types of I/O Bus operation. The signal 
lines on the I/O Bus are defined in this chapter as well as the 
signal characteristics. I/O bus timing considerations are 
thoroughly discussed in Chapter 2. A portion of this chapter 
explains the various module considerations in the Perkin-Elmer 
I/O System. 

Chapter 3 discusses examples of standard I/O bus interface logic. 
The. design of I/O interface programming characteristics and 
recommended status byte formats are described and discusse.1 in 
this chapter. Chapter 3 describes the DC-DC Converter that is 
jsed in the Perkin-Elmer I/O System and the rules that must be 
adhered to in the design of this system. 

Chapter *» describes the printed circuit board modules on which 
all I/O device controllers are implemented. The chapter also 
identifies the bacK panel signal layout within the I/O chassis. 

The readership level of this manual is geared to the design 
engineer. 
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CHAPTE« 1 
GEKEFAL DESCRIPTION 



1.1 INTRODUCTION 

The term interface is used with digital systems to dafine a aroap 
of logic circuits connecting two different devices, elements, or 
pieces of equipment. The interface logic circuits may perforn 
control and format sequences, timing, and translation of signal 
voltage levels. 

Digital logic systems operate with one or more sources of input 
data and one or more output devices. Inputs may consist of 
digital data or analog signals (i.e., keyboard, card reader, data 
set, etc.). Outputs may be to a Visual Display Terminal (VDT) or 
a hard copy terminal (i.e., line printer or teletype) or 
digital/analog control signals. For successful interfacing, each 
signal processed by the Interfacing hardware must be adequately 
specified and defined. 

When planning an I/O system to which specific devices must 
Interface, each line has a dedicated function such as: 

e Transfer data to or from the processor 

• Convey control and timing signals to the peripheral devices. 

• Transfer status information from the peripheral devices to the 
processor. 

This document defines the electrical and mechanical 
specifications of the Perkin-Klmer Input/Output (I/O) system. 
There are several methods of communication between the Perkln- 
Flmer I/O bus, peripheral devices, aftd/or other system elements. 
These methods vary in speed, sophistication, and the amount of 
supervision required from the processor. Thus, a particular 
-system interface may be tailored to the individual user's 
requirements and It may be easily expanded as the user s 
requirements grow. 
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1.2 I/O COHFIGURATION 

Block dlagrans of Perkln-ElBer dlsltal systeis. Figures 1-1 and 
1-2, sho« the different types of systens interface capabilities. 

TherA are several nethods of interfacing peripheral devices or 

system eleaents: 

• to the Hultiplexoc (I/O) bus 

e to the Selector Channel (SELCH) I/O bus 

e to the Enhanced Heaory Access Multiplexor (EHAN) I/O bus 

Throughout this specification, the ter> "I/O bus source" is used 
to describe the device that generates the specific I/O bus under 
discussion. In the case of the multiplexor bus, the I/O bus 
source is the processor. The SELCH, ENAN, I/O Switch (lOS), 
Subqhannel Controller (SCO, and I/O Bus Buffer (BB) are also I/O 
bus <source devices. 
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Figure 1-1 Block Diagram, Perliin- Elmer Digital Systems 
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1.3 INTRODUCTION TO I/O SYSTEMS MOOaiES 

The Perkln-Klmer digital system incorporates several devices to 
increase I/O throughput, add configuration flexibility, and 
reduce I/C programming reguiremein ts. These devices are: 

• Selector Channel (SELCH) 

• I/O Switch (lOS) 

• I/O Bus Buffer (BB) 

• Sub-Channel Controller (SCO 

• Enhanced Memory Access l^ultiplexor (EMAM) 

The above devices are described in the following paragraphs* 

1.3.1 Selector Channel (SELCH) 

Throughout this specification, the term SELCH is used to describe 
all types of Perkin-Elmer Selector Channels, unless specifically 

noted . 

The Perkin-Elmer Selector Channel (SELCH) provides a high-speed 
direct iiie«ory access (DMA) port for blocK data transfer, 
bypassing the processor. For 16-bit processor systems, the 16- 
hit Extender Selector Channel (ESELCH) is used; for 32-bit 
processor systems, the Buffered Selector Channel (B5ELCH) is 
ised. The operation of these two devices is similar. 

Ti-e SELCH generates a private I/O bus called the SELCH bus. When 
the SELCH is idle, the o'-lLCH bus becomes an extension of the 
processor I/O bus. However, when the SELCH is active, the SELCH 
bus is disconnected from the processor I/O bus. 

The SELCH operates in a status-polling mode with the selected I/O 
devicp on the SELCH bus. The SELCH uses the device controller':; 
ROSY status bit (bit 12) to control the rate of data transfer; 
the transfer is terminated upon bad status from the devicp 
controller (status bit 13, 1U, or 15 set) or by memory buffer 
transfer completion. The SELCH then raises an interrupt to the 
processor. For additional information on selector channel/device 
controller handshaking, refer to Section 2.5.1.1. 

The r; F.LCH transfers data t-i/from only one device controller 
during a block frdnr.fnr. The SELCH does not perform any 
interrupt servicinq; interrupts occurring on the SELCH bus durim 
a block transfer are allowed to qiueue but are not gated to the 
processor until the termination of th« current block transfer. 
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The SELCH is not capable of continuous or chained data transfers. 
After each blocK transfer is coapleted, the processor must issue 
new buffer pacaiietecs to the SELCH and restart the SELCH blocK 
transfer. 

The Buffered Selector Channel (B5;ELCH) contains logic to support 
an optional high-speed handshake protocol. For further 
information, refer to Section 2.5.1.2. 

1.3.2 Input/Output Switch (lOS)- 

The Perkin-Elner I/O Switch (TOS) provides the capability of 
sharing I/O devices between two or more processors and/or I/O bus 
extension up to 100 feet. The I/O Switch nay be installed on 
either 16- or 32-bit processors. 

The lOS consists of two 7-inch by 15-inch printed circuit boards, 
TOS-A and lOS-B, with interconnecting cables. The lOS-A boar-l 
may be installed on either the multiplexor bus, SELCH bus, 
subchannel bus, or EHAH bus. The lOS-B board generates a private" 
I/O bus called the switched bus. Each lOS-A and lOS-B pair 
comprise a switched bus port. With the port selected, the 
switched bus becomes an extension of the I/O bus at the I3S-A 
board. Port selection can either be controlled manually or under 
program control. A maximum of six lOS-B boards may be configured 
together to form a multi-port switch bus. 

For 32-bit systems, the lOS can support the optional high-speed 
handshake protocol between the BSELCH and device controller. 

Throughput of the switched bus is affected by I/O switch cabl« 
length. For further information, rmfsr to Section 2.5.2. 

1.3.3 I/O Bus Buffer (BB) 

The Perkin-Elmer I/O Bus Buffer (BB) provides increased fanout 
capability for the I/O bus. The BB may be Installed on either 
16- or 32-bit processors. 

The Bus Buffer may be installed on either the multiplexor bus, 
SELCH bus, switched bus, or EHAN bus. The BB does not support 
the optional BSELCH/device controller optional high-speed 
handshake protocol. 
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1.3.»» Sub-Channel Controller (JCC) 

The Perkin-Elmer Sub-Channel Controller (SCO provides increased 
The ^®'^''^" ^," ^ ,^_ ^u^ i/Q bus and provides increased I/O 
:;;?rss^;rpai i y*U lllilil oi:%023 device addresses,. The SCC 
iav be Installed on either 16- or 32-bit processors. The SCC 
"u Se use? in place of the BB for all new configurations. 

TKo '^rc h»s an address switch permitting the SCC to be assigned a 
The see has an «aai.es>j ow^ ii.<„i_ crre <-«n be configured 
Ki««-v of 256 device addresses. Multiple SCCs can d9 coniiyuteu 
irlZUll' .ice a"»..es in i„cce.,.t. of 2S6 o.^. «»l^o. 

'"?? f 'tSI '""h^n;! hus. ni ";i«"ontrollers Installed on 

nrocessor. The SCC handles detection of the high-order 2 °^^^ °^ 
?he 10-bIt device address. Plus appends the correct hxgh-order 
bits as a device interrupt is acknowledged. 

1.3.5 Enhanced Memory Access Multiplexor (EHAM) 

Th« Pprkln-Elaer Enhanced Memory Access Multiplexor provides the 
I-Lh!lJi! to interface up to f« device controllers to the system 
reSory' The E«rM can be Installed only on a 32.bit processor. 

The EMAM generates a private I/O bus called the EMAM bus. The 
Inm services all the device controller interrupts on the EMAh 
bJs ':n3 transfers data between the device controller anj -y-J;; 
Dus, anu ,,___-. similar to the Auto Driver Channel. The EMAfl 
memory in a manner Similar ^^^ ^^f^^ ^„d the processor, 

aUowlng tSr??ocrssor to communicate with any <*«vice controller 
vhi ?HAM bus while one or more data transfers are in progress. 
?s ?maJ does not perform polling of the device controllers on 
1^1 f5a! but! The EmJh can detect sequences of data communi- 
the EMAM ^^f* /"^._3_.gi., (in BISYNC and ZBID protocols) for the 
runrsror-i^ririnHn^er ..Ucnln,. Th. mj is c.p.^ 

^^^7^ t'A.iT.ii'n .°=i??./i.^;^Jr. r?.jr.^5t2con. m .n. 

mode and MOO Kbytes/second In halfword .ode. 

ThP EMAM contains SCC logic to support 10-bit I/O device 
ISdresses. The EMAM, plus all device controllers on its private 
hit riside within a block of 256 device addresses assigned to 
'th^ESSH subchannel. All device controllers on the EM^. bus ,ain 
a 10-bit address identity as seen by the processor. 
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CHAPTER 2 
I/O BUS CHAEACTERISTICS 



2.1 TYPES OF I/O BUS OPERATIONS 

The multiplexor (1/0) bus is the primary data/control channel 
between the PerKin-Elmer processor and the system I/O devices. 
The processor initiates, monitors, and responds to all system 1/0 
devices via multiplexor (I/O) bus operation sequences. Data 
transfers between the processor and the system I/O devices may 
either be performed directly by the processor over the 
multiplexor (I/O) bus, or controlled indirectly by the processor, 
using DMA data transfer devices such as the 5ELCH or the EMAM. 

2.1.1 I/O Bus Operations 

All sequences on the Perkin-Elmer multiplexor bus consist of at 
least two operations; as device address, and data/command/status 
are multiplexed onto one physical set of data lines. There arp 
six types of operations that occur on the ■ultiplexor bus: 

OPERATION PURPOSE 

Address Selects the desired I/O device. 

Command Transfers a command byte from the processor 

to the selected I/O device. The commani 
byte is the primary element for control of 
I/O devices by the processor. 

Status Transfers a status byte from the selectel 

I/O device to the processor. The status 
byte is the primary element for 
interrogation/monitoring of the I/O devic*> 
by the processor. 

Data Available Transfers an 8-bit data byte or 16-bit data 
(data byte/half word) halfword from the processor to the selected 

I/O device. 

Data Request Transfers an 8-bit data byte or 16-bit data 

(data byte/halfword) halfword from the selected I/O device to the 

processor. 
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OPERATION 



PURPOSR 



Interrupt 
Acknowledge 



Transfers the address of an Interrupting I/O 
device to the processor* 



2.1.2 Prograaaed I/O Instructions 



The nachine'level instruction set of each Perkin-Elaer processor 
includes several instructions which perfora seauences of I/O 
operations on the nultiplexoc bus. These instructions and the 
operations in each instruction sequence are nuaaarized in Table 
2-1. 



TABLE 2-1 PROGRANNED I/O INSTRUCTIONS 



INSTRUCTION 



16-BIT 
CPU 



32-BIT 
CPU 



I/O BUS OPERATIONS 



OUTPUT COHBAND 



SENSE STATUS 



HBITE DATA 



READ DATA 



1. 
2. 



1. 
2. 



1. 
2. 



1. 
2. 



ADOBESS 
CONHAIID 



ADOBESS 
STATUS 



AODBESS 

DATA AVAILABLE (byte) 



ADDRESS 

DATA REQUEST (byte) 



2-2 
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TABLE 2-1 PROGRAMMED I/O IMSTROCTIONS (Continued) 



INSTRUCTION 



16-BIT 
CPU 



32-BIT 
CPU 



WRITE HALFWORD 



READ HALFWORD 



WRITE BLOCK 



(soae) 



I/O BUS OPERATIONS 



1. 



2. 



2a. 



2b. 



1. 



2a. 



2b. 



1. 
2, 



ADDRESS 

if selected I/O device 

is a halfword device, 

then 

DATA AVAILABLE 

(HALFWORD) otherwise: 

DATA AVAILABLE (most 

significant byte) 

DATA AVAILABLE (least 

significant byte) 



ADDRESS 

if selected I/O device 

is a halfword device, 

then 

DATA REQUEST 

(HALFWORD) otherwise: 

DATA REQUEST (most 

significant byte) 

DATA REQUEST (least 

significant byte) 



ADDRESS 

STATUS 

if status 

or 1 5 set, 

otherwise 

bit 12 set 



bit 13, m, 
terminate; 
if status 
remain at 
step 2t otherwise: 
DATA AVAILABLE (byte) 
go to step 2 if block 
transfer not complete, 
otherwise terminate. 
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TABLE 2-1 PROGRAHHEO I/Q INSTHUCTIOHS (Continued) 



IHSTPUCTICH 



READ BLOCK 



ACKNOWLEDGE 
INTERRUPT 



AUTOLOAD 



16-BIT 
CPU 



32-BIT 
CPU 



(soiie) 



N/A 



I/O BUS OPERATIONS 



1. 
2< 



1. 
2. 



1. 
2. 
3. 



U. 



5. 



6. 



ADDRESS 
STATUS 

If status bit 13, 1U, 
or 15 set, terminate; 
otherwise if status 
bit 12 set, remain at 
step 2, otherwise: 
DATA REQUEST (byte) 
90 to step 2 if block 
transfer not complete, 
otherwise terminate. 



INTERRUPT ACKNOWLEDGE 
ADDRESS (interrupting 
device) 
STATUS 



ADDRESS (from 
location X*78*) 
COHHAND (from 
location X*7<?') 
STATUS 

if status bit 
or 15 is set, 
terminate} ot 
if status bit 
remain at st 
otherwise: 
DATA REQUEST (b 
if byte is zero 
step 3, otherwi 
STATUS 

If status bit 
or 15 set, ter 
otherwise if 
bit 12 set, rem 
step 5, otherwi 
DATA BEQUEST (b 
go to step 5 i 
transfer not co 
otherwise tecmi 



memory 
memory 

13, lU, 



herwise 


12 set. 


ep 3, 


yte) 


, go to 


se: 


13, ia. 


minate; 


status 


ain at 


se: 


yt«) 


f block 


mplete. 


nate. 



2-«» 
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TABLE 2-1 PROGRAHMED I/O IHSTRUCTIONS (Continued) 



INSTROCTION 


16-BIT 


32-BIT 


I/O BUS OPERATIONS 


SIMULATE 
INTERRUPT 


No I/O 

operations 

pecfocaed 


X 


1. ADDRESS 

2. STATUS 
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2.1.3 Automatic Interrupt Servicing 



»K o^ri,4n-Fl.«r 32-blt processors irtcXude a nicrocoded routine 
The Perkln-El«er " bj* J^° servicing which perfor.s sequences 

^ri/":Ser:;rons'oS tJi^ulUplexor (I/O) bus, as shown in T.hle 
2-2. 



TA 



BLE 2-2 AUTOMATIC INTERRUPT SEBVICIMG I/O OPESATIONS 



ROUTINE 



AUTOMATIC INTERRUPT 
SERVICING 



AUTO-DRIVER 
CHANNEL 



I/O BUS OPERATIONS 



1. INTERRUPT ACKNOWLEDGE 

2. ADDRESS 

3. STATUS 

if I/O device is not enabled for 
auto-driver channel, exit to 
■achine-level pcograw, otherwise 
enter AUTO-DRIVER CHANNEL. 



If status is acceptable, either: 
a. DATA REQUEST (half word or 
byte) 

°! DATA AVAILABLE (half word or 
byte) 
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2.1.4 Autonatlc I/O Channel 

Certain PerKin- Elmer 16-bit processors include a microcoded 
routine for high speed I/O interrupt servicing and control, which 
perforas seguences of I/O operations on the aultiplexor (I/O) bus 
as shown in Table 2-3. 



TABLE 2-3 AUTOMATIC I/O CHANNEL I/O OPERATIONS 



ROUTINE 



INITIALIZATION 

PHASE 

(ENTRY VIA SINT) 



I/O OPEPATICN- 

READ 

(ENTRY VIA I/O 

INTERRUPT) 



1. 
2. 

3. 



I/O OPERATION- 
WRITE 

(ENTRY VIA I/O. 
INTERRUPT) 



1. 
2. 
3. 



I/O BUS OPERATIONS 



ADDRESS 
COMMAND 



INTERRUPT ACKMOWLEDCE 

ADDRESS 

STATUS 

if any of status bits 12# 13, 

1U, or 15 set, terminate; 

otherwise 

DATA REQUEST (byte) 

repeat step •* until desired 

number of bytes have been 

transferred (1 to 16), then 

exit. 



INTERRUPT ACKNOWLEDGE 

ADDRESS 

STATUS 

if any of status bits 12, 13, 

la, or 15 set, terminate; 

otherwise 

DATA AVAILABLE (byte) repeat 

step « until desired number of 

bytes have been transferred ( 1 

to 16), then exit. 
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2.1.5 Additional Multiplexor Bus Operations 

In addition to the previously-listed aultlplexor bus sequences, 
the multiplexor bus is also used in certain Perkin-Elner 
processors for communications between processor modules; 
specifically, the following processor modules, if present, 
communicate with the processor via the multiplexor bus: 

Multiply/divide unit (16-bit processors) 
Floating-point processor (except 8/32) 
Communication hardware assist (32-bit processor) 
Display panel 
Auto-load option 

In most cases, only the multiplexor bus data lines are used with 
these devices; special control lines dedicated for these devices 
are implemented at the processor. 



2,2 I/C PUS DEFINITION 

The I/O bus is a byte or half word oriented I/O system which 
communicates with a maximum of 1023 peripheral devices. The I/O 
bus consists of 27 signal lines: 16 bidirectional lata lines, 7 
control lines, 3 test lines, and an initialize line. 

Table 2-4 shows the signal lines in the I/O bus* 



NOT E 



All the signal lines listed in Table 2-U 
are applicable to private I/O buses 
generated by the I/O system modules 
listed in Section 1.3. Each signal 
mnemonic on the private bus has a prefix 
or suffix tn Identify the applicable 
private bus: 

Prefix P - BSELCH, ESELCH, SCC 
Prefix « - EMA« 
?;uffix A - lOS, BB 
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TABLE 2-t» MULTIPLEXOR BOS SIGNAL LINES 



TYPE 



Data lines 



Control 


ADRSO 


lines 


SRO 




DRO 




DAO 




CNDO 




RACKO 




CL070 



Test lines 



Initialize 
line 



NHFMOMIC 



DOOO: 150 



SYNO 
ATNO 

Hwn 



SCLRO 



DIRECTION 
PROCESSOR IZtDEVICL 



•»t- 



(daisy-chaln)-*» 



<«- 



<\- 



NUHBEH 



16 lines 



line 
line 
line 
line 
line 
line 
line 



1 line 
1 line 
1 line 



1 line 



Umal Line Definitions; 



Ddta lines: 



noOO; D150 

Th<= 16-lov-active data lines (DOOO through D150) are used to 
transfer, in parallel, an 3-bit byte or 16-bit halfword of lata 
betw*»pn the I/O bus source and the device controller. In the 
caie of an 8-bit data byte, the data byte is transferred on the 
least cijniflcant 8 data lines (1)080 through D150, back panel 
piny 111 through 218). 
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Control lines; 



ADRSO (Address) 



This low-active control line is activated by the I/O bus source 
to all the device controllers. It is accompanied by an 8- or 10- 
bit device address on the data lines, to select one device 
controller for subsequent I/O transfers. (Bacic panel pin 21Q). 



SRO (r^tatus Request) 

This low-active control line ir. activated by the I/O bus source 
to the previously-selected levice controller. The device 
controller gates its status byte onto the data llnefs. (Back 
panel pin 119). 

PRO (lata Peoiuest) 

This low-active control line is activated by the I/O bus source 

to the previously-selected device controller. The device 

controller gates a byte or halfvord of data onto the data lines. 
(Back panel pin 120). 

DAD (Data Available) 

This low-active control line is activated by the I/O bus source 
to the previously-selected device controller, accoapanied by a 
byte or halfword of data on the data lines. (Back panel pin 
221). 

CiPO (Cowiiiand) 

This low-active control line is activated by the I/O bus source 
to the previously-selected device controller, accompanied by a 
command byte on the data lines. (BacJi panel pin 220). 
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RACKO (Interrupt Acknowledge) 

This loH-active control line is activated by the I/O bus soucc? 
to the device controllers in a serial "daisy chain" fashion. The 
first device controller in the priority chain having an interrupt 
pending (as RACKO is received) inhibits propagation of TACKO to 
lower-priority devices and gates its device address onto the data 
lines. (Flacii panel pins 122 and 222). 

CL070 (Early Power-Fail Warning) 

This low-active control line is activated by the I/O bus sourc*; 
to all the device controllers when a power-fail condition ir. 
detected l;y the processor. This control line is held active 
until initialize (SCLRO) is activated. (Back panel pin 121). 



Test linejit 

SYNO (Synchronize) 

This low-active test line is activated by the device controller 
to the I/O bus source to inform the I/O bus source that th« 
device has properly recognized and responded to a control line 
signal. I'or an address operation SYMO is activated only by the 
device controller being addressed. SY^NO is not activated by any 
device controller in response to the CL070 control line. For 
status request* data request, comaand, and data available 
operations, SYKO is activated only by the previously-selected 
device controller. (Back panel pin 123). 

ATNQ (Attention) 

This low-active test line is eictivated by any device controller 
to the I/O bus source to inform the I/O bus source that the 
device controller has an interrupt pending. The device 
controlleic holds this test line active until it has received an 
interrupt acknowledge (3ACK0) control line signal. Several 
device controllers may activate ATNO concurrently. (Back panel 
Pin 223). 
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HWO (Hel£Mord) 

This low-«ctive t«st. line is activatad by a hal£tfocd-ori«nt«d 
device controller at all ti«es irhila it is addressed. A byte- 
oriented device controller «ust not activate this test line. 
(Back panel pin 226)* 

Initialize lines 

SCLBO (Initialize) 

This low-active line is activated during a systen shutdown, 
power-up, or Initialization operation. (Back panel pin 126), 



With thp exception of the serial HACKO/TACfCO line, all I/O bur 
signal lines are connected in parallel to all device controllers 
on the I/C bus. 

Figure 2-1 sua^arizes the I/O bus data line formats for each 
individual bus sequence. 
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ADDRESS 



INTERRUPT 
ACKNOWLEDGE 



STATUS 
REQUEST 



(MSB) 

1 2 



5 6 7 8 9 10 11 12 13 



(LSB) 
14 16 -^ 



-BIT NUMBER 



UNDEFINED - 
DO NOT USE 



T 

I 8(10) - BIT DEVICE ADDRESS 
.J 



(DATA LINE NUMBER) 
TYPICAL 



1 

— r 



MUST BE ZERO (INACTIVE) FOR 16-BIT PROCESSORS. WILL BE 
FORCED ZERO (INACTIVE) ON SCC & EMAM PRIVATE BUS. 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 

r 



T — I — I r 

MUST BE ZERO 
(INACTIVE) 



t 



, , , , J , , — 

, 8(10) - BIT DEVICE ADDRESS 



1 2 3 



5 6 



MUST BE ZERO (INACTIVE) FOR 16-BIT PROCESSORS 
7 8 9 10 11 12 13 14 15 



MUST BE ZERO 
(INACTIVE) 


8-BIT DEVICE STATUS 
BYTE 



COMMAND 



5 6 7 8 9 10 11 12 13 14 15 



UNDEFINED - 
DO NOT USE 


8 BIT DEVICE COMMAND 
BYTE 



DATA AVAILABLE 
(WRITE DATA 
INSTRUCTION) 



1 2 3 



5 6 



(MSB) 
7 8 



(LSB) 
9 10 11 12 13 14 16 



UNDEFINED - 
DO NOT USE 


8BIT DATA BYTE 



DATA REQUEST 
(READ DATA 
INSTRUCTION) 






(MSB) 
12 3 4 6 6 7 8 


(LSB) 
9 10 11 12 13 14 15 


MUST BE ZERO 
(INACTIVE) 


8-BIT DATA BYTE 



DATA AVAILABLE 
(WRITE HW. 
INSTRUCTION) 



DATA REQUEST 
(READ HW. 
INSTRUCTION) 



(MSB) 
1 



S 6 



(LSB) 
9 10 11 12 13 14 15 



16-BIT DATA HALFWORD 



(MSB) 
1 



2 3 



5 6 



(LSB) 
9 10 11 12 13 14 15 



16-BIT DATA HALFWORD 



NOTES: 

1) ON INPUT OPERATIONS (INTERRUPT ACKNOWLEDGE, STATUS REQUEST, AND 
DATA REQUEST), THE DEVICE CONTROLLER MUST NOT ACTIVATE THE DATA 
BITS LABELED "MUST BE ZERO". ON OUTPUT OPERATIONS (ADDRESS, 
COMMAND, AND DATA AVAILABLE]', THESE FIELDS ARE UNDEFINED. 

2) ALL DATA LINES ARE LOW-ACTIVE (NEGATIVE-TRUE). 



Figure 2-1 I/O Bus Data Fornats 
(As Seen On Multiplexor Bus) 
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2.3 I/O BUS SIGNAL CHARACTERISTICS 

The Per)iin-El«er I/O bus data, control. Initialize, and test 
lines may be inplenented using standard 7a00-serles TTL 
(transistor- transistor loaic) integrated circuit components 
provided that they conply with the reguireaents of Section 2.3.2. 
All signal lines are low-active and (with the exception of RACKO) 
must be open-collector signals tied in parallel to all I/O 
interfaces. 

2.3.1 T/C Bus Logic Levels and Signal Loading 

Figure 2-2 shows I/O bus logic levels. The logic levels shown 
are compatible with standard TTL levels. These logic levels 
guarantee a minlBum noise Bargin of 0.25 volt at the logic low 
state, and 0.30 volt at the logic high state on the data lines, 
and O.aO volt ■inimum noise nargin at both the logic low and high 
states on all other T/0 bus lines. Note that in most cases, the 
logic '^' voltage levels are guaranteed by the pullup resistor on 
each of the I/O bus signals at the bus source. Fach 1/0 bus 
interface is permitted up to 2.0 milliaaperes maximum low-level 
load and up to 300 microamperes maximum high-level load 
(including lealtage current) on each of the I/O bus data, control, 
and initialize lines. Each I/O bus interface is permitted up to 
750 microamperes maximum high-level lealiage current on each of 
the I/O bus test lines. 



a 
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DRIVER 

ACCEPTABLE LOGIC'!' 
RANGE 



RECEIVER 
ACCEPTABLE LOGIC 
0/1 THRESHOLD 
RANGE 



DRIVER 
ACCEPTABLE 
LOGIC '0' RANGE 




VCC 



■ 4m^//////////A 



DRIVER MINIMUM LOGIC T OUTPUT 

RECEIVER MAXIMUM LOGIC '1' INPUT 
THRESHOLD 



RECEIVER MINIMUM LOGIC '0' INPUT 

THRESHOLD 
DRIVER MAXIMUM LOGIC '0' OUTPUT 

GND 



DATA LINES 0000:150 



DRIVER 

ACCEPTABLE LOGIC T 
RANGE 



RECEIVER 
ACCEPTABLE LOGIC 
0/1 THRESHOLD 
RANGE 



DRIVER 
ACCEPTABLE 
LOGIC '0' RANGE 




o/^ 



VCC 



0.4 



HWA¥/////y////^, 



DRIVER MINIMUM LOGIC '1' OUTPUT 

RECEIVER MAXIMUM LOGIC 'V INPUT 
THRESHOLD 

RECEIVER MINIMUM LOGIC '0' INPUT 

THRESHOLD 
DRIVER MAXIMUM LOGIC '0' OUTPUT 
GND 



ALL OTHER SIGNAL LINES (CONTROL, TEST, INITIALIZE, INTERRUPT ACKNOWLEDGE) 



Figure 2-2 I/O Bus Logic Levels 



a3-009 801 9/78 



2-15 



2.3.2 Standard I/O Interface Drivers and Receivers 

Figure 2-3 shows the recoiaendad IC types for each of the I/O bus 
data, control, initialize, and test lines. Use of the 
reconmended IC types guarantee conformance to the I/O bus logic 
level and signal loading specification In Section 2.3.1, allowing 
configurations of up to 15 device loads on the T/0 bus. 

2.3.3 Use of Non-Standard I/O Interface Drivers and Receivers 

In general cases, use of IC types other than those listed in 
Fijure 2-3 is to be avoided, unless the alternative IC types meet 
all the listed logic level, signal loading, drive capability, and 
propagation delay specifications. The use of Schottky type ICs 
is not allowed, with the exception of the data line transceiver 
rc (19-11B). Trlstate driver ICs are not allowed. 

2.3.U I/O Bus Loading Rules 

Th»? multiplexor bus generated by the processor is capable of 
driving a total of 16 I/O controllers. Certain Per liin- Elmer 
processors contain specialized built-in I/O controllers or 
processor nodules which interface to the processor via the 
multiplexor bus; these devices are considered (if present) as one 
I/O load a piece. If any 10-inch device controller is present on 
the bus, the maximum number of I/O controllers is reduced to 9. 

The RB, sec, E51ELCH, BSELCH, EMAH, or IDS extend the bus driver 
capability by regenerating the multiplexor bus. These devices 
each represent one load to the bus they are driven by. Each of 
these devices is capable of driving up to 16 I/O controllers. If 
any 10-inch device controller is present on the regenerated bus, 
the maximum number of I/O controllers on the regenerated bus Is 
reduced to y. 

Table 2-'S summarizes the drive capabilities of the various 
Perkin-Elraer processors and system modules. 
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CPU, SEtCH. lOSB 
EMAM. ORSCC 






OlODt CLAMP 
TfRMINATOH 



I O INTERFACE 1 



I OINTEHl- Act N 



AC TFRMINAIOII 



100 






if 



O^ 



XI (NO lb il 



36433 

DATA IJNlb 
DOOO ISO 



too pi -ir 



330 



E> 



too 



tf^ 



4y 



EH 



;]>^ 



CONTROl LINKS 
ADKSO.SRO 
DAO. ORO 
CMDO 
CLO70 



?J0 i 



lOOpt 



330 



^O 




^ lOOiit 



INTERRUPT 

ACKNOWLtDGl 

LINE 

RACKO (INPUT OF- Rll 

TACKO (OUTPUT OF T3| 



220 

100 ::^ 



I 330 



-ih^xe 



42i>-^ 



(NOTE II 



/J^ 



{T>-f 



^D^ 



INITIALIZE 
LINE 



SCLRO 



lOOpI jfc: 




^ 



LKB:;* 



TEST LINES 

SVNO 
ATNO 
HWO 



lOOiil 



NOIt I RELAY ISNOTUSfDONSELCH, lOSB. SCCOREMAM TIISNOTUSEO 

ON CPU OR BUS BUFFER 
NOtf J XI TRANSCEIVER MAY UE SUBSTITUTED FOR Rl AND T1 ON DATA LINES ONLY XI lOR PORTIONS THEREOF i MUST 

NOT BE USED ON CONTROl INfFRRllPT ACKNOWLEDGE, INITIALIZE. OR TEST LINES 



Figure 2-3 PecoBinended TC Types, Multiplexor Bus 
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ELECTRICAL CHARACTERISTICS 
TRANSMITTER 



PARAMETER 


T1 


T2 


VOL, Low-Level Output Voltage 


0.4 V max. @ 48 ma. 


0.4 V max. ® 20 ma. 


VOH, HIgh-Level Output Voltage 


<VCC 


2.4 V max. @ 500 ua. 


lOH, High- Level Leakage Current 


250 ua max. @ 5.5 V 


not applicable 


tPLH, Delay, Low-to-High Output 


22 ns max. 


10 ns max. 


tPHL, Delay, High-to-Low Output 


18 ns max. 


10 ns max. 


Recommended IC Type 


7438(19-036) 


74H10 (19-017) 



RECEIVER 



PARAMETER 



VIH, Input Threshold Voltage, High 
VI L, Input Threshold Voltage, Low 
IIH, Input Leakage Current, High 

IIL, Input Current, Low 

tPLH, Delay, Low-to-High Output 

tPHL, Delay, High-to-Low Output 



Recommended IC Type 



R1 



2.0 V max. 

0.8 V min. 

1.0 ma max. @)5.5V 
50 ua max. 9 2.4 V 

2.0 ma max. & 0.4 V 

1 6 ns max. 

12 ns max. 



74H04 (19-015) or 
74H00 (10-016) 



Figure 2-3 Secomnended IC Types, Hultiplexoc Bus (Continued) 
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DATA LINE TRANSCEIVER 



BUS DRIVER 



PARAMETER 


XI 


VOL, Low-Level Output Voltage 

VOH, High-Level Output Voltage 

tpLH, Delay, Low-to-High Output 
(from enable input) 

tpHL, Delay, Hi^-to- Low Output 
(from enable input) 


0.5 V max. @ 43 ma 
0.55 V max. 9 48 ma 

5.5 V max. 

30 ns max. 

25 ns max. 



BUS RECEIVER 



PARAMETER 


XI 


VIH, Input Threshold Voltage, High 
(I'OW going input) 

VI L, Input Threshold voltage. Low 
(high going input) 

IIH, Input Leakage Current, High 

IIL, Input Current, Low 

tpLH, Delay, Low-to-High Output 

tpHL, Delay, High-to-Low Output 


2.5 V max. 

1.0 V min. 

1.0 ma « 5.5 V 
40ua ©2.4 V 

1.6 ma 0.4 V 
30 ns max. 

30 ns max. 


RECOMMENDED IC TYPE 


Selected Am26S12A 
(19-118) 



Flaure 2-3 Recommended IC TypeSr Multiplexor Bus (Continued) 
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TABLE 2-5 I/O BOS LEMGTH RESTRICTIOMS 



BUS SOURCE 



6/16 

8/16, 8/16E, 7/32C II 

1610, 1620, 1630 

fl/32C/D 

BUS BUFFER/ 

SUBCHANNEL 

CONTROLLER 

RSELCH, 16-BIT 
ESELCH 

I/O SWITCH 

ENAN 



NAXIHUB ADDITIONAL 
BUS LOADS 



16 (Note 1) 

15 (Note 1) 

15 (Note 3) 
1U (Note 2) 

16 

16 

16 (Note (t) 

15 



BUS LENGTH 



Note 5 
Note 5 
Note 5 
Note 6 

Note 5 

Note 5 

Note 5 
Note 5 



NOTES 



2. 



3. 



U. 



6. 



This nuBber reflects loading over «nd ebove loed 
fron display contcoller/ALO option. 

This nuebet reflects loading over and above loads 
froe TTY Interface and display controller. 

This nueber reflects loading over and above load 
from STC (Systea Terminal Controller). 

Each additional port (up to five additional) uses 
one unit load. 

Three adjacent 7-inch chassis units. All chassis 
RUst be less than two inches apart. Haxiiua two 
Interconnecting cables four inches each; or: one 
cable, Baxi«ue 36 inches in length, connecting to 
two adjacent 7-lnch chassis units. Both chassis 
.ust be less than two inches apart, with 
interconnecting cables eaxieum four Inches in 
length. 

Haxieue 36-inch cable can be driven directly by 
processor multiplexor bus. 
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2.3.5 I/O Bus Length Restrictions 

The processor's multiplexor bus must be complete within ths 7- 
inch chassis and two adjacent 7-inch expansion chassis. A 
multiplexor bus originating at a ia-inch twin-chassis processor. 
may extend to one adjacent 7-inch expansion- chassis only. The 
multiplexor bus may not be extended to any expansion chassis by 
use of a cable longer than U inches. If longer cables (up to 36 
inches) are re<iuired between chassis^ a BB or SCC must be used to 
drive the cable and extended bus. 

Private I/O busses generated by a BB, SCC, E3KLCH, 3.5ELCH, ErAM, 
or lOr-B, must b6 complete within the 7-inch chassis the bus is 
generated in, plus a maximum of two 7-inch expansion chassis. 
Any private I/O bus may be extended by no more than one 36-inch 
(naxifflum) cable plus an additional cable not greater than u 
inches in length* 

Configurations requiring cable lengths greater than 36 inches 
must use an I/O switch^ The I/O switch is capable of generating 
a private I/O bus up to 100 feet from the I/O bus source. 
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2. 3. IS I/C Bus Termination 

Two types of I/O bus terminators are used in t»erKln- r.lmer 
£y<;tpmF.: the 15-433 A.C. terminator and the 35-722 diode clamo 
tprnindtor. An A.C. terminator must be installel at the end of 
pach multiplexor bus or private I/O bus in the system. If the 
multiplexor bus or private I/O bus appears on both connector 
ind connector 1 of a chassis, A.C. terminators must be installed 
on both sides. 

The diode clamp terminator must b« installed at the source of 
each multiplexor bus or private I/O bus in the system. The 
sourcp i£ considered to be the point where the bus ariqinates on 
connector and 1 of the chassis. If the bus originates on both 
connector and 1 of a chassis, diode cla-np terminators are 
required on both sides. 



?.a I/O HUS TIMING 
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2.t^,^ Output I/C Operation Timing 



ti -juc 
o p p rn 
outpu 
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e 2-u shows the timing for the three types of output I/O 
tlons (Address, Command, and Data Available). To begin the 
t operation, the I/O bus source activates the I/O bus lata 
with the desired data, followed by the activation of thf 
priate I/O bus control line (ADRSO, CHDO, or DAO). The time 
^»n the activation of the iat i lines and the activation of 
control line (TI) is variable, but is guaranteed to be at 

7^. nanoseconds (minimum) at the device controller Inputs. 

allows the device controller to recognize an address match 
code data or command information prior to the leading edge 
e control line signal. The leading edge of the control line 
1 should be used where edge-triggered latches or flip-flops 
sed to store command, data, or address match. When the 
e controller has accepted the command or data, or recognized 
ddress match, it should activate the SYNC test line to the 
us source. 
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I/O BUS SOURCE—DEVICE* 



0000:150 



I/O ays SOURCE-— 



^V / ADRSO^fDAO 
OR CMDO \ I. 



DEVICE— ^1/0 B JS SOUF CE 



SVn6 . 



DEVICE— »-l/0 B US SOURlCE 

HWO (FOR 

ADDRESS 

OPERATION) 



DEVICE ADDRESS, COMMAND 
BYTE, OR DATA BYTE/HALFWORD 



DEVICE 



4 



UiPl*"^ i^\ei 



I 



HTQ-I 



lerfo^J; 



■T5- 



-T8- 



// 






•— T4- 



SH< 



-DURATION OF OUTPUT ^ 

OPERATION ^ j^^ 



INPUT CONTROL LINE 
(IF NEXT OPERATION) 



>^/ 



•-T8- 



(WHICHEVER IS LATER) 



NOTE: TIMING SHOWN AT DEVICE CONTROLLER INPUTS 



.] 



75 NS. GUARANTEED MINIMUM AT CONTROLLER INPUTS 



T1 
T3 
12'- AS SHORT AS POSSIBLE AFTER DEVICE RECOGNIZES ADDRESS OR 

ACCEPTS DATA OR COMMAND. 
T4 - AS SHORT AS POSSIBLE 
T5 - 100 NS. MINIMUM 
T6 - 350 NS. MINIMUM FOR ADRSO. DAO AND CMDO HAVE NO MINIMUM 

BUT DEACTIVATE AFTER SYNO ACTIVATES 
T7 - 100 NS. MINIMUM 
T8 - MUST BE GREATER THAN ZERO 
T9 - MUST BE LESS THAN T2 

• THE PROCESSOR MUST DEACTIVATE THE DATA LINES MINIMUM 100 NANOSECONDS 
BEFORE ACTIVATING ANY CONTROL LINE FOR THE NEXT I/O OPERATION. 



Figure 2-4 Timing For Types of Output I/O Operation 
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For Command and Data Available oporations, the I/O bus source 
deactivates the control line signal (after a delay of at least 
100 nanoseconds) after the device controller activated SYNO. In 
the case of the address operation, the I/O bus source holds the 
address control line active, despite the presence of SYMO, for at 
least 350 nanoseconds. After the control line is deactivated, 
the I/O bus source holds the data lines active for an additional 
75 nanoseconds Binimusi (T3). The device controller i>ust minimize 
the r>XHO deactivation tinip (TU) after the control line signal is 
deactivated, as the I/O bus source cannot begin another input or 
output operation until SINO deactivates. After the I/O bus 
source deactivates the data lines, it Bust wait at least 100 
nanoseconds before activating any control line for an input I/O 
operation. 

It should be emphasized that the tiling shown in Figure 2-U 1-3 
defined at the device controller Inputs on the I/O bus. Within a 
given device controller, one data line «ay propagate through wore 
gates than another data line, generating a skew between data 
lines which must be considered for practical designs. 

NOTE I 



The I/O bus source mast guarantee that 
the data overlaps the associated control 
line by at least 100 nanoseconds. All 
device controllers must be designed 
assuming no more than 75 nanoseconds 
overlap is present, as data line skew is 
introduced if the controller is 
configured on a SKLCH, lOS, or SCC bus. 

2.4.2 Input I/O Operation Timing 

H'jure 2-5 shows the timing for the three types of input I/O 
orprations (Status, Data Bequest and Interrupt Acknowledge). The 
input operation begins as the I/O bus source activates one of the 
applicable control lines C^BO, DRO, or RACKO). The device 
controller then gates the appropriate data onto the I/O bus data 
linen, with as little delay as possible, and then activates the 
lYHO test line. Data must be stable on the bus before 'JYNO is 
activated. The I/O bus source must take into account the worst- 
case filata slew of 25 nanoseconds before latching the data after 
SYNO goes active. In response to SYNO, the I/O bus source 
accepts the contents of the data lines, then deactivates the 
control line with a minimum delay of 100 nanoseconds after 3YN0 
is activated. Ae the control line is deactivated, the device 
controller must deactivate the I/O bus data lines and deactivate 
SYNO with as little delay as possible. The I/O bus source 
considers the operation complete when SYNO deactivates. 
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In the case of the Interrupt Acknowledge operation, the HACKO 
control line signal is propagated in daisy-chain fashion, to the 
highest priority (by position) device controller with an 
Interrupt active. Note that this may or may not be the 
prespntly-selected device controller. The T1 delay in this case 
includes all the cu«ulative gate delays for all the device 
controllers between the I/O bus source and the respondin? device 
controller. 
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Figure 2-5 Timing for Typ«s of Input I/O Operation 
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2.4.3 I/O Timeouts 



All Perkin-Elaer processor 
syste* •hang* if the I/O 
activating SYMO) to a 
multiplexor bus control 1 
started. If SYNC does not 
its cycle# then as the ti 
the control line and p 
instruction. The flag 
indicate that a false SYNC 
false SYNC tineout occurs 
error (i.e., attenpting an 
controller). The time 
from processor to proce 
summarized in Table 2-6. 



s include a mechanism ts 

device controller fails to 
processor I/O operation. 
ine is activated/ a false S 

activate before the time 
meout occurs, the processor 
roceeds to execute the 
bits of the Program Statu 

timeout has taken place, 
due to a hardware fault 

I/D operation to a non-exi 
value of the false SYNC ti 
ssor; typical timeout 



prevent a 

respond (by 

As the 

YNC timer is 

r completes 

deactivates 

next user 

s Word (PSW) 

Typically, a 

or software 

stent device 

meout varies 

values are 



TABLE 2-6 



TYPICAL I/O TIMEOUT VALUES 



PROCESSOR TYPE 


I/O TIMEOUT VALUE (TYPICAL) 


5/16 

6/16 

8/16, 8/16B 

7/32C II 

8/32C/D 

RMAH 


14.0 usee. 
29.0 usee. 
29.0 usee. 
29.0 usee. 
25.0 usee. 
5.875 usee. 
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The following rules and constraints apply to I/O timeout 
situations: 

1. The duration of the I/O bus control line pulse is 
undefined* 

2. For output operations the I/O bus source nust generate 
the noraal data line/control line timing relationship. 

3. For input operations, the I/O bus source must ignore 
the content of the data lines. 

4. If the I/O bus source is executing an I/O instruction 
or microprogramBed sequence involving multiple input or 
output (or both) operations to a particular device 
controller, the I/O bus source sust not attempt to 
perform any operation after detecting an I/O timeout 
from the device. 

5. All the above rules apply to any I/O system module 
(such as a SELCH or EHAW) which performs I/O operations 
to devices on its private bus. In this case, the I/O 
system module must detect an I/O timeout and report it 
to the processor. 

HOTE 

All existing Perkin-Elmer selector 

channels do not detect I/O timeouts. 
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2.a.U Additional I/O Timing Considerations 

In addition to the tinina relationships as shown in the above 
paragraphs* several other general rules apply: 

1. No device controller or I/O system module may activate 
any of the I/O bus data lines except when requested by 
the I/O bus source; i.e.r unless the device controller 
has previously been selected and the I/O bus source 
activates either the SHO or DRO control lines, or if 
the device controller has activated the ATNO test line 
and the RACKO control line goes active at the input to 
the device controller. No device controller may 
introduce any condition causing increased settling time 
of the multiplexor bus data lines. 

2. Any I/O system module which propagates the multiplexor 
bus onto the module's private I/O bus has the 
responsibility to restore any I/O timing relationships 
destroyed as the I/O signals propagate through the I/O 
system module. A maximum delay of 20 nanoseconds (with 
the exception of the I/O switch) is allowed in 
regenerating any multiplexor bus data line to or fro-n 
the private I/O bus data line. 

2.5 I/O SYSTEM MODULES CONSIDERATIONS 

Unique sequences of I/O operations and/or dramatic variations of 
I/O timing occur when operating a device controller with certain 
I/O systems modules listed in Section 1.3. This section presents 
these differences in detail. 

2.5.1 Selector Channel (ESELCH or BSELCH) 

Whenever the SELCH is idle, the private SELCH I/O bus becomes a 
regenerated multiplexor bus. When the SELCH is started (via an 
output command with the SFLCH GO bit set to the SELCH), the JELCH 
bus is disconnected from the multiplexor bus and a special I/O 
handshake sequence begins, with the selected device controller on 
the private SELCH bus. There are two types of SELCH I/O 
handshake procedures, normal and high speed, which are described 
in the following paragraphs. In both cases, the desired device 
controller is selected before the data transfer begins by the 
processor performing an I/O operation (typically an output 
command) to the desired device controller on the private SELCH 
bus, then issuing an output command GO to the SELCH. As the 
address portion of the output command sequence to the SELCH ir 
being performed, address match at the SELCH is usad to inhibit 
the private SELCH bus address control line (PADRSO), causing the 
previously selected device controller to remain selected. 
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2.5.1.1 Normal Selector Channel Handshake Procedure 

The normal SELCH handshake I/O timing is shovn in Figure 2-6. As 
the SELCH transfer begins, the SELCH activates Private Status 
Request (PSBO) to the selected device controller. The controller 
responds by gating its status byte onto the private SELCH bus 
data lines, and then activating PSYNO (private SYNC return). 
BUST (bit 12 of the status byte) controls the period between 
individual data transfers. BUSY is active at all tines when the 
controller is not ready to transfer data. The SELCH holds PSRO 
active until PD120 deactivates (indicating the controller is now 
ready to transfer data), or either PD130, PD140, or PD150 
activate (indicating bad status), or the processor halts the 
SELCH. 

^fter PD120 deactivates, a data transfer takes plase; in read 
mode, PDRO (private data request) is activated and the controller 
gates a byte or halfword of data onto the private SELCH bus, then 
activates PSYKO. In write mode, the byte or halfword of data is 
gated onto the private data lines by the SELCH, then PDAO 
(private data available) is activated. The controller activates 
PSYNO after it accepts the data. In both read and write modes, 
the state of PHHO controls whether a byte or halfword lata 
transfer takes place. The selected device controller activates 
PHMO if it is a half word-oriented device; with PHWO active the 
SELCH transfers successive half words of data to or from the 
controller. With PHWO inactive, the SELCH transfers successive 
bytes of data to or from the controller. 

After the data transfer takes place, the SELCH continues by 
repeating the status check/data transfer sequence until the 
memory data buffer is completed or the transfer is prematurely 
terminated due to bad controller status. 

Kaxifflum data throughput rate for the normal handshake procedure 

is dependent primarily on PSYNO activation and removal times by 

the device controller, as seen at the SELCH. The SYNC return 

t<irn-on delay should be minimized, consistent with practical 
circuit margins. 
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Figure 2*6 IVoraal SELCH HanlshaKe Timing 



N» 



Haxiaum data throughput may be calculated using the formula: 

X = B 

Y + 2 (Sn + Sm) 



Where X = transfer rate in Megabytes/second 
B = bytes per DA/DR pulse 

(8=1 for byte devices) 
(B a 2 for halfMord devices) 
Sn = SYNC return turnon delay ti»e in microseconds 
Sn = SYNC removal delay time in ■icroseconds 

(Sn and Sm are measured at the selector channel 
P3YN0 input) 
Y = 0.a5 for 1f.-bit ESELCH 
0.73 for PSELCH 



NOTE 



This formula assumes no I/O switch or SCC 
between the SELCH and the device 
controller. 



2.5.1.2 High Speed Selector Channel Handshake Protocol 

The high speed (new) handshake protocol has recently been 
introduced to support device controllers which must sustain 
higher throughputs than are achievable using the normal selector 
channel procedure. Higher throughput is achieved by eliminating 
the status check operation and streamlining the data transfer 
procedure. The new protocol is now available only on the Ma8-050 
M01 BSELCH (32-bit machines only). 

Table 2-7 shows the three additional control/test signals 
required for the high speed protocol (1 control, 2 test). - The 
logic levels are the same as the control line logic levels shown 
in Figure 2-2. Each device controller is permitted a maximum of 
2.0 milliamperes low-level load and a maximum of 100 microamperes 
high level (including leakage current) on SELCH busy (SBSYO). 
Each device controller is allowed a maximum of 250 microamperes 
high-level leakage current on SCHtCO and SNSO. 
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TABLE 2-7 HIGH SPEED PROTOCOL SIGNAL LINES 



TYPE 



Control 
Line 

Test 
Lines 



MNEMONIC 



SBSYO 



SNSO 
SCHKO 



DIRECTION 
BSELCH ri:!:DEVICE 



NUMBER 



1 line 



1 line 
1 line 



(In addition to the 27 lines listed in Table 2-U) 
Signal Line Definitions i 

Control Line: 
SBSYO (SELCH Busy) 

This low-active control line is activated by the 5SELCH to the 
previously-selected device controller, indicating that a SELCH 
block data transfer is in proj/ress. This line uses back panel 
Pin 22«-1. 

Test Lines; 

SNSO (Switch to New Sequence) 

This low-active test line is activated by the previously-selected 
device controller to the BSELCH to specify that the controller 
supports the new protocol. It remains active at all times while 
the device controller is selected. This line uses backpanel Pin 

12U-1. 

SCHKO (Status Check) 



Thi-; low-active test line is activated by the previously-selected 
dPvice controller to the BSKLCH to indicate the occurrence r>f a 
'bai status- condition (bad status - S13 * Sia * S15). This line 
mav be activated only while either PDAO or PDRO is active, ani at 
I^astsr nanoseconds before the device ^^""^"JJ^-^^ *!^^^^^?^ 
PSYNO. Cnce activated, it must remain active until after SBSYO 
deactivates. This line uses back panel pin 22S-1. 



All the above-listed control and test lines 
parallel to all devices on the SELCH bus. 



are connected in 
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Figure 2-7 shows the cecoaaended IC types for each of the new 
control and test lines. Use of the recoaaendad IC types 
guarantees conforaance to the logic level and signal loading 
specifications above, allowing configuration of a aaximun of 16 
device loads on the SELCH bus. 

Figure 2-6 shows the high speed protocol data transfer timing. 
As a read aode BSELCH transfer begins, the BSELCH activates PDRO 
(private data request). When the device controller is ready to 
transfer a byte or halfword of data (as B0SY1 deactivates), the 
controller gates the data onto the private BSELCH bus, then 
activates PSYNO. The BSELCH responds by accepting the data and 
deactivating PDRO, causing the controller to deactivate the 
private data lines and PSYNO. This handshake procedure is 
repeated until the data transfer terminates. 

As a write aode BSELCH transfer begins, the BSELCH gates the data 
byte or halfword onto the private data lines, then activates PDAO 
(private data available). When the controller is ready to accept 
the data (as BUSY1 deactivates), the controller latches the data 
and then activates PSYNO. The BSELCH responds by deactivating 
PDAO, causing the controller to deactivate PSYNO. This handshake 
procedure Is repeated until the data transfer terainates. 

In both read and write aodes, the device controller aay terainate 
the data transfer by activating SCHKO (status check) after PDRO 
or PDAO is activated but before PSYNO is activated. (See Figure 
2-9). SCHKO aust reaain active until the BSELCH deactivates 
SBSYO (SELCH busy). As in noraal protocol, the halfword line 
(PHWO) controls whether the data transfer is perforaed in byte or 
halfword aode. 

As with noraal protocol, aaxiaua throughput rate is dependent 
primarily on PSYNO activation and reaoval tiaes by the device 
controller, as seen at the BSELCH. The SYNC return turn-on delay 
should be ainiaized, consistent with practical circuit aarglns. 
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Figure 2-9 Termination of BSELCH Data Transfer 



HaxiBUH data throughput Bay be calculated using the formula: 



X = 



.390 ♦ (Sn + SB) ♦ DA 



Where X 

B 



Sn 

Sn 



DA 



transfer rate in Megabytes/second 
bytes per DA/DH pulse 

(8=1 for byte devices) 

(B = 2 for halftiord devices) 
SYHC return turn-on delay time in aicroseconls 
SYNC reaoval delay time in aicroseconds 

(Sn and Sn are measured at the BSELCH PSYNO 
input) 
.075 for write to device, 
for read from device. 



NOTE 



This formula assumes no I/O switch 
between the BSELCH and the device 
controller. 



An example of the handshake logic required at the device 
controller is shown in Figure 2-10. 



a3-009 B01 9/78 



2-37 



I 

Ui 



I 

o 
o 
« 

O 



E5 EDACO 



aSMMCO 



SYhC RETURN LOGIC 



CWGO 



'B4 j ISO 



OEI.AVED DATA AVAILABLE DATA 

neouESTffs 





Cv» > 1BQ 
__r+-E>Hl>^=Sy^^ ■ 

-^S^^ 1 I »» -LT IT 



STATUS CHECK LOGIC 



STATUS BIT 14 . 
STATUS BIT IS 



LOAD EDGE TRIGGEREO 
QATA LATCH 



_,, ^ S8SY0 C C 

21*1 > > — •♦- 



o- 



BUSYFf 
CLBJO 



NOTE STn Ar A A. B B. AND C C TO ENABLE USE 





[D 


"LT 




1 








D 

> 


19-165 


OC 


SUSYO 


STBZt 




8USY1 


-TL 


-T_r 






SCLHO 


K 








T=[l>^- 



-<j»i 





SYUSOLS 




TO I/O INTERFACE LOCK. FIGURE 
3.1 3-2. REPLACING LOGIC SHOWN 
THEREIN 


.. 


FROM I/O INTERFACE LOGIC. 
FIGURE 3.1/3.3 


... 


TO/FROM CONTROLLER LOGIC 



a» 



Figure 2-10 Exasple of Handshake Logic at Device Controller 



2.5.2 I/C Switch 

All I/O operations through an I/O switch (lOS) incur additional 
propagation delays which in high throughput applications may 
becoiie critical. The amount of propagation delay added to each 
I/O operation aay be calculated using the foraula: 

D = K + .00«*F 

Where D = Worst-case propagation delay added by lOS in 
microseconds 
F = Length of cable between the lOS-A and 

lOS-B boards in feet. 
K = .tH6 for SB# PR, or RACK I/O operation 
(input operations) 
.5«8 for OK, CHD, or ADRS I/O operation 
(output operations) 



When the processor executes an I/O instruction to a device 
controller through an lOS, the instruction execution tine may be 
approximated using the formulai 



la « In + (Din) (Nin) + (Dout) (Nout) 

Where la = Approximate instruction execution time in 
microseconds 
In = Nominal instruction execution time in 
microseconds 
(as listed in the appropriate processor user's 

manual) 
Nln,Nout = Number of input or output I/O operations per 

instruction (see Table 2-1) 
Din, Dout » Worst-case propagation delay added by lOS in 

microseconds for each input or output I/O 

operation 
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The most critical case is usually when an lOS is used to extend a 
SELCH bus. In this case, throughput «ay be calculated usinij the 
following foraula: 



X = 



D 4^ P (Sn C Sb) 4^ P (.008F * (P)CC) + DA 



Where X ■ Transfer rate in Megabytes/ second 

B « NuBber of bytfis per DA/Dfi pulse 
(B = 1 foe byte mode) 
(B « 2 for halfword aode) 
D » SELCH delays (worst case) 

(D « .390 for BSELCH w/high spesd protocol) 
(D « .730 for BSELCH w/nor«al protocol) 
(D « .USD for 16- bit. ESELCH noreal protocol 
only) 
P « Protocol 

(P a 1 foe high speed protocol on BSELCH) 
(P s 2 for noraal protocol) 
So « Sync return turn on tise in •icroseconds 
Se - Sync reaoval tiae in microaeconds 

(Sn and S« are measured at the iSELCH P3YN0 
input) 
F ■ Length of cable between the lOS-A and lOS-B 

boards in feet 
C ■ Worst-case lOS-A and 8 logic delay in 
nicroseconds = .U16 
DA = .132 for write to devic* 
for read fcoa device 



Adding additional ports to the switched bus (i.e., additional 
lOS-B boards) causes no additional propagation delay. Also* no 
additional propagation delay occurs when performing I/O 
operations to device controllers on the attltiplexoc bus with an 
IGS-A board present on the multiplexor bus. 
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2.5.3 EMAN 

While the EHAM is in the active node/ control of the EMAN private 
bus is transparently switched between the EHAM and the processor, 
on a round-robin priority basis. Figure 2-11 shows the tilting 
for the acquisition of the EMAM bus by the processor to perform 
one I/O instruction to a controller on the EMAM bus. The 
processor requests the EMAH private bus by initiating an address 
I/O operation to the desired device controller on the EMAM's 
subchannel. The EMAH, as it recognizes a natch on its upper two 
address bits (subchannel number) and a non*-match on its lower 
eight address bits, queues the bus request from the processor. 
At the conclusion of the present EHAM interrupt service cycle in 
progress, the EHAM bus is turned over to the processor. The 
delay in acquisition of the bus can be 50 nanoseconds to 10 
microseconds after ADRSO was activated by the processor. Since 
the timing relationship of ADRSO to the device aldress on the 
multiplexor bus data lines has been destroyed, the EMAM, in 
propagating the device address onto the private EHAM bus, 
reconstructs the timing by delaying HADRSO (private ADRSO) 125 
nanoseconds after the device address is gated onto the EMAM bus 
data lines. In addition, to ensure that HADRSO is at least 350 
nanoseconds wide, MSYNO (private SYHO) is prevented from 
propagating to the multiplexor bus as SYHO until 375 nanoseconds 
after HADRSO goes active. 

The EMAM monitors the presence of MSYNO during the processor's 
address operation on the private EMAM bus; and If MSYNO occurs, 
allows the processor control of the EMAH bus to continue. Should 
HADRSO deactivate without HSYRO active, the EMAH assumes that the 
processor's request for the EHAM bus has been aborted. This 
situation can occur if the desired device controller is not on 
the EMAH private bus, or If the processor attempted an I/O 
operation to a non-existent device on the EMAM's subchannel. 
Assuming that MSYNO is active during the address I/O operation, 
the processor is allowed to perform one I/O operation to the 
selected controller on the EMAM bus. At the conclusion of the 
following I/O operation, control of the EMAH private bus by the 
processor is terminated. If an Interrupt Is queued on the EHAi* 
private bus during the processor access, the EHAH performs an 
interrupt service cycle before honoring the next processor 
.request for the EMAH bus. Note that all I/O instructions listed 
in Table 2-1 which issue multiple I/O operations after the 
address I/O operation must not be issued to a device .controller 
on the e:MAH bus while the EMAM is active. 
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Figure 2-12 shows the timing for an EMAM interrupt servic 
to a device controller on the ENAH bus. The sequence 
operations is somewhat sinllar to the 32«'blt prbcessor au 
Interrupt servicing (Table 2-2) except that a 
issued during the cycle. As soon as the EHAH 
(i.e. r the processor completes amy I/O access 
NATNO goes active, the EHAH acknowledges the 
activating NRACKO. The highest-priority 



command say 

bus is av 
in progress) 
device inter 

(by po 



interrupting device controller captures the MRACKO pulse 
its address onto the EHAH bus, then activates HSYNO ( prlva 
return). The EMAN then deactivates MRACKO, gate 
interrupting device's address onto the EHAN bus, then ac 
MADRSO (private address). The interrupting device i 
selected, and responds by activating NSTNO. The EH 
deactivates HADRSO, and 250 nanoseconds later activate 
(private status request). The selected device responds by 
its status byte onto the EHAH bus, and then activating 
The EHAH then deactivates HSRO. 



e cyclpj 
of I/O 
tomatic 
also be 
ailable 
, after 
rupt by 
sition ) 
, gates 
te SYNC 
s the 
tivates 
s now 
AN then 
s HSRO 
gating 
HSYNO. 



Following the status request I/O operation, one or two additional 
I/O operations may occur, depending on the type of interrupt 
service cycle. 

With the EHAH inactive (kill mode), all device interrupts on th<=> 
private EHAH bus are passed to the multiplexor bus, and serviced 
by the processor. In this mode, the EHAH operates identically to 
a sec. 



EHAH throughput varies according to type of interrupt service, 

protocol support, SYNC return delays, and amount of processor I/O 

to devices on the EHAH's subchannel. Haxisum EHAH throughputs 
are as followst 



MODE 


EHAH THROUGHPUT (KBYTES/SECOND) 


Halfword 


HOO 


Byte, no 
Protocol 


200 


Byte, BISYMC 
Protocol 


195 


Byte, ZBID 
Protocol 


130 



Refer to the EHAH Maintenance Manual, Publication Number 29-609, 
for additional details. 
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MAXIMUM EMAM 



INTERRUPT SERVICE CVCLE 10 375 USEC. 
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OKRATIONS MAY OR MAY NOT OCCUR THE POSSIBLE COMBINATIONS ARE: 
1. NONE 4. DA. CMD 

Z DA 5. DR. CMD 
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Figure 2-12 EHAH Interrupt Service Cycle Ti«ing 



2.5.4 Subchannel Controller 

Fiauce 2-13 shows I/O lining for an address operation when 
performed with a SCC. As the processor begins an addres:? 
operation to a device controller on the subchannel bus, it gates 
the 10-bit address onto the multiplexor bus data lines, then 
activates ADRSO. At the SCC, all 10-bits' are gated onto the 
private bus until ADRSO activates; at this tiae the upper two 
address bits are forced inactive at the private bus data lines 
PD060 and PD070. If the upper two address bits match the 
subchannel controller's channel address bits, PADRSO (private 
address) is activated after a 100 nanosecond delaiy. In response 
to PADRSO, the selected device controller activates PSYSO, which 
is propagated to the multiplexor bus by the SGC as SYNO. The 
processor then deactivates ADRSO. At the SCC, the subchannel 
address flip-flop is set and SCAD1 (subchannel iddressed) is 
activated, if PSYNO is active as ADRSO deactivates. 3CAD1 active 
enables the Bultiplexor bus control lines DAO, DRO, CMDO, and 
SBO, allowing control line signals to propagate to the private 
bus. 

Figure 2-1U shows I/O timing for an interrupt acknowledge 
operation when performed with a SCC. As an interrupt occurs on 
the private bus, PATNO (private attention) generates ATlfO at the 
multiplexor bus. When the processor responds to the interrupt 
with an acknowledge, RACKO activates PTACKO (private acknowledge) 
onto the private bus, and the subchannel number is gated onto 
D060 and D070 by the SCC. The highest priority interrupting 
device controller on the private bus captures the private 
acknowledge, gates its 8-bit device address onto the private bus 
data lines PD080:150, then activates PSYNO. At the SCC, 
PD080:150 are gated onto D080j150 (forming the full 10-bit 
interrupting device address on 0060:150) and PSYNO activates 
3YN0,. 

Subchannel is normally dedicated to the processor multiplexor 
bus. A see is not necessary for device controllers assigned to 
subchannel 0, except in the case of device controllers not having 
logic to prevent an address match if either D060 or D070 is 
active during an address operation. Multiple 5CCs may be 
assigned the same subchannel number for fanout purposes, provided 
that each device controller under the SCCs has a unique 8-bit 
device address. 
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ADDRESS I/O OPERATION 



D06O-150 



ADRSO 



PADRSO 



PD060-1SO 




PSYNO 
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10 BIT DEVICE ADDRESS • 
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SUBCHANNEL AORS^ 



4-100 -» 
NOMINAL 



^•^ — PDoeo-PDOyo 

. 8 BIT DEVICE ADI 




IF DEVICE CONTROLLER 
NONEXtSTANT 



IF DEVICE CONTROLLER 
NONEXISTANT 



Figure 2-13 I/O Address Operstlon Tlslna Hith SCC 
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INTERRUPT ACKNOWLEDGE I/O OPERATION 
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ONLY 



Figure 2-14 I/O Interrupt Acknowledge Tialng with SdC 
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CHAPTER 3 
I/O BUS CONTROiLLER DESIGN 



3.1 STANDARD I/O BUS INTERFACE LOGIC 

Figures 3-1 and 3-2 present two examples of generalized I/O bus 
interfaces suitable for «ost applications* Each of these 
interfaces consists of a single device address^ 8- or 16-blt I/O 
interface with interrupt logic. The circuit in Figure 3-1 uses 
the R1/T1 I/O bus drivers and receivers (19-016/19-036), while 
the circuit in Figure 3-2 uses the XI I/O bus transceivers C19- 
118). Both interfaces function identically. 

3.1.1 Address Natch and Address Flip-Flop 

Referring to Figure 3-1, as the address I/O operation begins, the 
processor gates the desired device address onto the multiplexor 
bus, then activates ADRSO. The lov-order 8 bits of the 
multiplexor bus (D080:150} are received at E1-L1 and appear, in 
true and complement form, at the inputs of the two hexadecimal 
device address select switches (E3-L3). At the desired device 
controller, the 8 outputs of the hexadecimal switches are all 
high, causing the output of the 8-lnput NAND gate (E5) to go low. 
This output signal is inverted and ANDed with D060A and D070A to 
activate ADNCH1 (address match) (06). Note that D060A and D070A 
must both be high (Inactive) for an address match to occur. This 
allows configuration of the controller directly on subchannel 
(multiplexor bus) without a SCC. For device controllers 
configured under a SCC (or EHAH) on subchannels 1, 2, or 3, the 
SCC forces D060 and D070 inactive on its private bus as the 
device address is propagated. 

With ADHCH1 high, on the low-to-high transition of ADRS1, the 
address flip-flop (07) is set and AD1 (device addressed) (09) is 
activated. Simultaneously, all other device controllers on the 
multiplexor bus have their address flip-flop reset (ADMCH1 low as 
the ADRS1 low-to-high transition occurs). With AD1 high. If the 
controller is designed to transfer parallel 16-blt halfwords, HWO 
(C9) is activated. 
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ThA address match logic shown in Figure 3-2 functions in a 
If«i?ar wannlr. lioa-bit comparatoc ICs are used to compare the 
a-^uSel??" address (SWOSIslSI) (F1-J1) from the two hexadecUal 
Lvlce IdSress select switches (EU, HU) with the high-active 
Snfi^red low-order 8 .ultiplexor bus data lines D081j151 (G5, 
^M?he two high-active A>B outputs of the comparators are 
iJi;d with dS60(A) and D070(A) to activate A6MCH1. The address 
fllp-flop (D6) is similar to Figure 3.1. 

3.1.2 control Lines and SYNC Return 

Th« control line inputs are shown at A1-B1 of Figures 3-1 and 3- 
2 tSe bu?feieS conLol line input is gated with *I>V causing 
w*ho ^alerted device controller to respond to control line 
oSises! The iated control line signals DAGO (AU), DRGO (BU), 
r^rn J BU) and SRGO (CU) are available to load or unload data 
r^g^stir^'loaS command registers, or unload status registers 
"Jhtn the device controller. With •ither of these ^our gated 
Control lines active, or ASELO (address selected) (C6) or ATSYNO 
f?nt^rruit acknowledge captured) (N6) active, CLA1 (control line 
li^vi) JJv) aoJs high. The low-to-high transition removes the 
Slrict-ciJ.r ??n Jie SYNC return flip-flop (B9) and triggers the 
JiS? r^tuJn delay one-shot (B7). When the one-shot times out, 
thllow^tc-SigS transition of its output sets the SYNC return 

flip-flop, activating SYNO (C9). In "«°^".,^;„ lo 'lol 
xxoy, control line, causing CLA1 to go low. 

;Sn t^eSHtiir r^sitl theiYNC return fliP-flop, deactivating 

SYNO. 

The initialize signal (SCLRO) input is shown at D1. The buffered 
Initialize signals are available to the device controller logic 
to reset aU controller functions on a power- «P " ^^fj^" 
fn^J^Hration The power-fail early warning signal (C1070) AD 
irat:llatlirif JeedeS, for looRahead reset of control functions 
on a system power down. 
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Figure 3-1 I/O Bus Interface Logic 
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Figure 3-2 I/O Bus Interface Logic 



3.1.3 Data/Status/Conmand 

The four U-to-l multiplexor ICs shown at P5-L5 of Figure 3-1 
select one of three sources for inforaation gated from the 
controller to the aultiplexor bus. Mith ORGO active (low) and 
SRGO inactive (hlgh)4> a binary code of *01* on the multiplexor's 
select input selects the data byte (DAT081-151> to be gated back 
to the processor. With SBGO low and DRGO high» a binary code of 
•10' on the select inputs selects; the status byte (STAT008:111, 
BSY1, EX1, E0H1, and DUD. With both DRGO and SRGO high, a 
binary code of '11' selects the Interrupt device address. The 
aultiplexor ICs are enabled by BUSENO (enable gating to 
multiplexor bus) low. BUSENO goes active if either SBGO, DRGO, 
or ATSYNO go active. Note that the interrupt address inputs to 
the multiplexor ICs assume their correct state only when ATSYNO 
goes low, forcing all the lower eight buffered data inputs 
D081: 151 active. 

For devices designed to transfer parallel 16-bit halfwords of 
data, the eight driver gates at F8-L8 gate back the upper 8 data 
bits (DAT001-071) while DRG1 is active. 

For data available and command operations, the device controller 
requires data and command registers, strobed by DAG1/0 or CNG1/0 
as appropriate, to latch the contents of the buffered data lines 
D081:151. For halfword devices, a 16-bit data register is 
required. 

The data/status/command logic of Figure 3-2 is identical to the 
logic of Figure 3-1 except that the interrupt address is taken 
from the hexadecimal switch outputs SW081:151. 

3.1. a Interrupt Flip-Flops and Acknowledge logic 

Control of device controller interrupts is developed at the 
interrupt flip-flops at N7-S7 of Figure 3-1. Command bits 8 and 
9 perform the interrupt enable/disable/disarm function as further 
nxplained in Section 3.2.2. A command with bits 8, 9 = *11' 
(high-active data assumed) or an initialize, sets the controller 
to the disarm state, inhibiting interrupts from the controller. 
With D08 1 and C091 high, the D input of the DSRM flip-flop goes 
low, and on the leading edge of CHG1, the '1* output of the DSRM 
flip-flop goes low. This holds the attention flip-flop (N7) 
reset. A command with bits 8, 9 = *10* sets the controller to 
the disable state, allowing an interrupt to queue but preventing 
its gating to the processor. In this case, the M' output of the 
DSHM flip-flop is high, but D080A low at the leading edge of CMG1 
causes the '1* output of the EEL flip-flop (S7) to go low. This 
low inhibits the output of the attention flip-flop from reaching 
the multiplexor bus as ATNO. A command with bits 8, 9 = '01' 
sets the controller to the enable state, allowing interrupts to 
queue and to be passed to the processor. Here, the *1' output o£ 
the EEL flip-flop is high, enabling the output of thd attention 
flip-flop. A command with bits 8, 9 = 'OO* causes no change to 
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the DSRM and EBt flip-flops; D080A and D090A Inhibit CMG1 froB 
clockina these two flip-flops. 

When the device controller detects an interrupt condition, it 
generates a short low pulse on SATHO (set attention) (K6). With 
the controller's interrupts enabled, this sets the attention 
flip-flop and activates ATMO (HI). Later, in response to ATHO, 
the processor activates the Interrupt Acknowledge line. Assuelng 
that this controller is the highest priority device presently 
interrupting, RACKO (N1) goes active. This input is Jn^Jift** *° 
form RACK1 at the input to the acknowledge capture flip-flop 
(N2). With ATH1 high before BACK1 is activated, PASS1 (pass 
acknowledge to next device NU) is inactive and CAPTI (acknowledge 
captured HU) is active. CAPT1 is ANDed with 8ACK1 and DRACK1 
(delayed acknowledge N5) to create ATSYNO (interrupt acknowledge 
captured H6). On the non-interrupting higher-priority 
controllers, ATN1 low causes PAS31 to be high. As BACK1 is 
activated CAPT1 deactivates. PASS1 is AUDed with RACK1 and 
D8ACK1 to fora RACKO (N5) which passes the acknowledge signal to 
the next device controller. 

With ATSYNO active, the interrupting device address is 9»ted onto 
the eultiplexor bus (see Section 3.1.3) and then SYHO is 
activated (see Section 3.1.2). In response, the processor 
latches the address on the data lines and then deactivates RACKO. 
When RACKO deactivates, ATSYNO is <i"ctivated at the interrupting 
controller. The low-to-high transition of ATSYNO resets the 
attention flip-flop (N7). 

The interrupt logic of Figure 3-2 is identical to that of Figure 
3-1. 
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3.2 DESIGN OF I/O INTERFACE PROGRANNING CHA»ACTEKISTICS 



3.2.1 Device Controller Status Byte 

The reccniiiended format for the status byte of an I/.') device con- 
troller is shown. in Table 3-1. There «ay be some exceptions to 
the status format^ depending on the function of the I/O device 
controller; however^ any exceptions may preclude use of the 
device controller with a SELCH» EMAM* or the proces?>or suto 
driver channel. 



TABLE 3-1 RECOHHENDED STATUS BYTE FORMAT 



Multiplexor Bus Bits: 



8 


9 10 11 
1 I I 


12 


13 


Mi 


15 


I TV" ' 1 

DEVICE DEPENDENT 
1 1 


BUSY 


eXANINE 


END OF 
MEDIUM 


DEVICE 
•JNAVAILABLE 


' 


' , „ ..' 


\ :.! 


'■, , ,„„ _j 


!,., . 




t 







BIT NUMBER 



MEANING 



8,9,10,11 DEVICE DEPENDENT - These status bits may be used, 
if required, to report auxiliary conditions within 
the device controller or I/O device, of interest to 
the processor* In many casvB, (but not all) the 
assionad conditioio repoct«d by this status bit 
Indicates an ecroir condition precludlngi further 
correct data transfer between the device controller 
and the processoic* In this case, the EXAMINE 
status bit must also set. These status bits must 
be implemented such that each bit, when reset, 
indicates 'acceptable* device status, and when set, 
indicates 'unacceptable* device status. Examples 
of status bit assignments are: Overflow, Parity 
Error. 



12 



BUSY - This status bit indicates whether the device 
controller is ready to transfer data to/fron th^ 
processor. When set, the device controller is not 
ready for a data transfer. When reset, the devicu 
controller is ready for a data transfer. 
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TABLE 3-1 RECOHNENDED STATUS BYTE FORHAT (Continued) 



BIT NUMBER HEANIWG 



13 EXAMINE - This status bit, when setr Indicates that 

an error condition or other significant auxiliary 
condition has been detected by the device 
controller. One or moEe of status bits 8 through 
11 »ust be set simultaneously with examine. In no 
case may a device controller present » status byt« 
of X'OM' (EXAMINE only) to the processor, as this 
status condition is reserved to indicate an I/O 
tieeout (false SYNC) at the processor. 

1U EMD OF MEDIUM - This status bit typicilly 

indicates, when set, that a media fault has 
occurred. For exanple, this bit could indicate 
•out of paper* for a line printer, 'end of tape* 
for a «ag tape drive, or 'loss of carrier* (or 
CL2S) for a data conauhications interface. This 
status bit nust be iapleaented such that the reset 
condition indicates 'acceptable* status, and the 
set condition indicates 'unacceptable' status. 



15 DEVICE UMAVAILABLE - This status bit, when set, 

typically indicates that the peripheral device bars 
lost AC power, has been aanually taken 'off-line', 
or other aajor peripheral-oriented fault. This 
status bit must be iapleaented such that the reset 
condition indicates 'acceptable* status, and the 
set condition indicates 'unacceptable* status. 



NOTE 



Any status bit not iapleaented should be 
forced to the '0' state by the device 
controller. Prograaaing docuaentation 
for the device controller must state that 
the state of the uniapleaented status bit 
is undefined (aay be either *1* or *0'). 
This allows enhanceaent of the device 
controller status byte at a future date. 
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When the processor executes a Sense Status instruction, the 
status byte of the selected device controller is copied into the 
low byte of a processor general register, or a byte memory 
location. In addition, the low tt-bits of the device status byte 
are copied into the condition code (CO portion of the processor 
program status word (PSW); thus, the next instruction, if a 
branch instruction, may cause a branch in instruction execution 
based on the state of any one or more of the low « device status 
bits. 

When the processor executes a Read Block or Write BlocK 
Instruction, the lower U-bits of the device status byte are 
tested before the data transfer is performed. If any of status 
bits 19, 1U, or IS (Examine, End of Medium, or Device 
Unavailable) become set, the block transfer is terminated. If 
status bit 12 (BUSY) is reset, along with status bits 13, 14, and 
15 reset, one byte of data is transferred. If status bit 12 is 
set, with status bits 13, I*** and 15 reset, the device status 
byte is repeatedly examined until either status bit 12 resets or 
one or more of status bits 13, 1*1, or 15 become set. 

For lata transfers using a SELCH in normal protocol mode, the 
device status byte is used to coiiitrol the data transfer in an 
Identical fashion to the processor Bead Block and Write Block 
instructions. For data transfers using the processor Auto-Driver 
Channel or the EHAH, in response to an interrupt from the device 
controller, the status byte is obtained and all 8 status bits are 
ANDed with an 8-bit mask byte. If the result of the AND 
operation is true for any bit, unacceptable status is indicated 
and the buffer transfer is terminated. The data transfer may 
continue using the alternate data buffer if, on the next device 
Interrupt, the status, is acceptable. If the result of the AND 
operation is not true for any bit, acceptable status is indicated 
and a data transfer occurs. 
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3.2.2 Device Controller CoBBand Byte 

The recoBnended foraat for the coinBand byte of an I/O device 
controller is shown in Table 3-2 The foraat shown must be adhered 
to for all devices operating in an operating system environBent. 



TABLE 3-2 RECOHMENDED COHHAND BYTE FORMAT 



Multiplexor Bos ?ltst 



10 



11 



DISABLE 



■+- 



12 



■+■ 



13 



■4- 



14 



ENABLE 



DEVICE DEPENDENT 



DISARM 



15 



BIT NUMBER 
8,9 



MEANING 



Interrupt Enable/Disable/Disars control 
specific coablnations of these two coBBand bits 
perfora the following functions: 



BITS 



8 9 



1 



1 



1 1 







1 



FUNCTION 



Enable device interrupts - allow 
interrupts to queue and pass them 
to the processor. 



Disable device interrupts - allow 
interrupts to queue but do not 
pass then to the processor. 



Disars device interrupts - clear 
any queued interrupts and do not 
allow further interrupts to queue. 



No Change - do not Bodify the 
previous enable/disable/dlsarB 
interrupt control state. 



SysteB initialization Bust set the device 
controller to the disara state. 
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TABLE 3-2 RECONHRNDEO COHHAND BYTE FORHAT (Continued) 
BIT NUMBEP MEANING 



10,11 ,12, 13, 1«, 15 DEVICE DEPENDENT - These coaiand bits may be 

used, if required, to control various device 
functions. They should be implemented such 
that the set state of the coaaand bit turns on 
the desired device function. Syste* 
Initialization must deactivate all command bit 
device functions. 



NOTE 



Any command bit not implemented must be 
defined as 'undefined-must be zero' in 
the programming documentation of the 
device controller. This allows 
enhancement of the device controller 
command byte at a futuce date. 
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I/O device controllers requiring additional control bits over and 
above these available in the recoaaended coaaand byte fornat aay 
have multiple coaaand bytes iapleaented. In this case, one or 
aore of the undefined bits in the recoaaended coaaand byte foraat 
aust be used as steering bits. Additional coaaand bytes have no 
foraat restriction* Table 3*3 shovs an exaaple of aultiple 
coaaand byte foraat. 



TABLE 3-3 HOLTIPLE COMHAND BYTE FORMAT EXAMPLE 



8 



Recommended 

Coaaand 

Byte 

Additional 

Coaaand 

Bytes 



INTERRUPT 

ENABLE/ 

DISAPLE/DISAKM 



10 I 11 , 12 , 13 14, 15 



DEVICE DEPEMOENT 



DEVICE DEPENDENT 



DEVICE DEPENDENT 



DEVICE DEPENDENT 



f t 

STEERING BITS 



NOTE 



The all-zero state of the steering blt(s) 
must be reserved for the coaaand byte 
containing the interrupt ENABLE/ 
DISABLE/DISARM bits. 
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3.2.3 Device Controller Interrupt Conditions 

When enabled, the device controller may raise an interrupt at any 
tiae to indicate that an extraordinary condition has occurred of 
interest to the processor. Typically, interrupts occur resulting 
from status bit transitions. For exanple, using the recomniended 
status byte foraat shown in Table 3-3, any one of the following 
status transitions could be defined to cause an interrupt: 



STATHS BIT 



TRANSITION 



MEANING 



RUSY 



1 to 



Device controller is now ready 
transfer a byte/halfword of data. 



to 



FXAMINE 



to 1 



An error condition has been detected 
by the device controller precluding 
further correct data transfer. 



END OF MEDIUM to 1 



The data medium has been exhausted; 
no more data can be transferred. 



DEVICE 
UNAVAILAELE 



to 1 



The peripheral device 
has lost power or has 
taken 'off-line*. 



or controller 
bean manually 



DEVICE 
UNAVAILABLE 



1 to 



Power has been restored at the peri- 
pheral device or the peripheral 
device has been manually placed in 
the 'on-line* mode* 



peripheral device, 
should be lesigned such 



The specific interrupt conditions are a function oi the status 
bit implementation and requirements of the 
r-evice controller interrupt conditions 
that any error condition detected at the peripheral or devic-? 
controller, which precludes completion of an operation in 
progress, be reported to the processor via an interrupt; 
otherwise, when used in an interrupt-dciven I/O environment, the 
device controller appears to 'hang* (cease interrupting) if the 
error condition 



appea 
occurs. 



When designing device controllers intended for use on the 
processor Auto-Driver Channel or the KMAM, consideration should 
b<> made of the device startup procedure to insure that lata 
transfer interrupts will begin. For example, if a device 
controller already has the BUSY status bit reset (indicating that 
it iJ ready ,. to transfer data) aa it is enabled by a Processor 
command, no interrupt can occur from the BUSY 1 to transition. 
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As a reault# the device controller hangs and the Intecrupt-driven 
data transfer does not coasence. 

3.2*4 Device Controller Address Assignment 

The device controller preferred device address nust be assigned 
to avoid conflict with all other device controllers within the 
systeR. Figure 3-3 shows the preferred device addresses for all 
presently-supported Perkin- Elmer device controllers* The device 
controller suat be designed with wirewrap stakes or hexadtcieal 
switches allowing address assignment anywhere within the range of 
X'01* - X*FF'» In cases where multiple device controllers are 
designed onto one printed circuit board, it is acceptable to 
design one set of wirewrap stakes or hexadeciaal switches to 
assign a contiguous block of device addresses for that 
controlleriT instead of stakes or switches on a per-aidress basis. 
In this case, the block of device addresses aust be contiguous 
(exaaplej X'AO', X'AV, X*A2*, X'A3', etc.) The device 
controller address match logic auat aateh across all 10 address 
bits; in the case of device controllers not intended for use on 
subchannels 1, 2, and 3 of the aultiplexor bus without a SCC or 
E*AM, it is acceptable to match only on zeroes for address bits *^ 
and 7. Any device controller assigned a device address on 
subchannels 1, 2, and 3 of the aultlplaxor bus without a SCC or 
EBAH present aust return a 10-bit address when responding to an 
Interrupt Acknowledge* 
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1,3 DC-DC CONVERTER 

AIL [/O Interface designs must use only th« *S volt + 5X lo(ji,c 
i:ower available fcoii the processor or •xpansisn rrhassls power 
supply. ether voltages from the systen power supply should not 
be used in the design of the interface* as no other voltages are 
guaranteed to be available in all systems configurations. If 
voltages other than +5 volts are required in the design of the 
interfac«, an on-board DC-to-OC converter must be us«»d. Flaure 
"i-U Rhnus a general-purpose HC-to-DC converter c»pabli.» of 
developing low current voltage levels suitable for operational 
awplifierfi, RS-232 or Teletypeuciter (TTY) interface circuitry, 
etc. from the +5 volt logic power supply. 

3.3.1 DC-DC Converter Description 

The circuit Is comprised of a 27 Khz. free-running oscillator 
(1/4 IC1,C1, R1-R3r Ria-R15) whose complementary outputs drive a 
transistoc array (01-4) which provides current gain to drive the 
ptimary of stpp-up transformer T1, whose secondary outputs are 
rectified by D9-D1«j and filtered by C4-C7, IC2 and rC3 prsviie 
output regulation if required* The circuit includes a shutdown 
circuit i^/H IC1, C2, sa-R6, 816, D1-D2) whiqh turns off Q5 an1 
Q6 wh«>never the 5 volt DC supply Is lf>ss than 4.0 volts. A 
feedback path via R12-D7 and R 1 3- DS ensures that 35 and Q6 are 
never turned on simultaneously. 

3.3.? DC-DC Converter Specif icaitions 

Input: +5 volts DC ♦ 5X at 100 to 1350 at rated 

output* 

Output: The DC-DC converter provides + and - 12.0 

volts DC at no load (with +5.0 volt 
input), line and load regulation is 11. u 
minimum to 12.6 maximum. Maximum output 
is. 120 ma DC from both outputs 
simultaneously with « peak output of 350 
■•■ma. 

Output Hippie: The DC'-DC converter provides 100 

millivolts p»ak-to-peak (p/p) mdximum at 
full load.. 

Operating Frequency: 27 Khz nominal. 
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3.tt ADDITIONAL DESIGN RULES 

In addition to tho design ccltorln pr*c«nt«d in Chapters 2 and 3# 
tho following culos nust bo adhocod tot 

1. All now designs for half word -oriented device 
controllers sust use 16-bit wide data paths to/fros the 
Bultiplexoc bus. 



In general, all unused inputs of logic packages 
be terainated to ••■5 volts through a pull-up cesi 



should 
stor* 



3. Avoid the use of capacitors for delaying the edge of a 
logic signal. Instead, use a one-shot (19-031 or 19- 
OaZ) or a delay line (30-018, 30-019, etc. > to 
generate the regulred delay. 

^, Avoid the use of BC networks for differentiation of 
logic signal edges. Instead, «•• « one-shot (19-031 or 
19-0ll2> for differentiation. 

5. When one-shots such as the 19-031 or 19-0«»2 are used, 
the tising coaponents (resistor and capacitor) sust be 
located no farther than one inch fros the one-shot IC. 
The +5 volt connection to the tlaing resistor sust be 
■ade no farther than one inch froi the Vec pin of the 
one-shot IC. 

6. High frequency decoupling capacitors should be located 
adjacent to the ICs as required. The nueber of 
decouplers required is a function of the logic faeily 
being used - TTL, STTL, LSTTl* etc. As a ainisua, 
there should be one decoupler for each two ICs. 
Provide extra decoupling and/or isolated ♦S volts (P5> 
and GND connections for high-current driver ICs. The 
0.1 uF tubular cerasic capacitor (22-033) is 
recosaended for decoupling purposes. In addition, each 
controller should have low-frequency nass decoupling 
capacitors distributed along the board side edges. 
Right each 15 uF electrolytic capacitors (22-002) are 
recosaended. 
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7. It Is good design practice. In cases where address, 
coaaand, or data Is loaded froa the aultiplexor bus 
Into an edge-triggered latch# to perfora the load 
operation on the leading edge of the appropriate 
control line signal (i.e.* on the high-to-low 
transition of ADRSO, CNGO, or DAGO). 

8. The aaximun P5 current available for a device 
controller Is Halted by the back panel connector ta 13 
aaperes for. a 15-inch controller and 7 aaperes for a 7- 
inch controller. 

9. All applications where a counter is clocked by a gated 
I/O control line should be designed to reject noise on 
the control line while It Is active. 



43-009 R01 9/78 3-19/3-20 



CHAPTER 4 
I/O INTERFACE PHYSICAl PACKAGIMG 



U.1 GENKPAL DESCRIPTION 

^11 I/O device controllers ace Inpleaentttd on IS-inch by 15-lnch 
printed circuit boards or 7-inqh by 15-inch printed circuit half- 
boards, as required* Httr»after» thas* boicds are referred to as 
15~inch boards or 7-inch half-boards, c«spectively. The size of 
the printed circuit board used for a devic« controller depends 
upon the amount of logic circuitry In the deslgR* 

U.2 15-INCH BOARDS 

Typically, a 15-inch double-sided printed circuit board may hold 
a maxisua of 1130 14- and 16-pla integrated circuits; a 15-inch 
Multiwire board aay hold a aaxiaua of 2Z1 14- and 16-pin 
integrated circuits* Multiple IS.i^ch boards may be used to 
iaplement device controllers requiring aore integrated circuits 
than Hill conveniently fit on one 15-inch board* In this case, 
front-ed^e cables must be used for all boacd-to-board 
interconnect signals. 

It is recommended that all 15-inch device controllers pick up the 
I/O signals from the back panel via connector 1* 



NOTE 



Do not use some I/O signals from 
connector and some from connector 1 for 
convenience of layout* Alvays use one 
connector only. 
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a. 3 7-INCH HALFBOABDS 

Typically/ a 7-lnch double-slled printed circuit board may hold a 
maximuM of 70 14- and 16-pin integrated circuits. 

Seven inch halfboards are mounted in pairs in the I/O chassis 
slot using the 16-398 half-board adapter kit. This Kit .contains 
hardware to install either two active 7-inch device controllersr 
or one active 7-inch controller and a 7-inch blank card (included 
in kit) into the I/O chassis slot. 

«.a I/O SYSTEM INTERFACE MODULES 

Perkin-Elirer offers two general purpose interface nodules which 
•nay be used by the I/O Controller designer to simplify the design 
effort. These sodules on a 7-inch or 15-lnch .double-sided copper 
printed circuit board and contain the standard logic connection^! 
to the I/C system. 

4. 0.1 General Purpose Interface Board (IS-Inch) 

This product (na8-002) is a 15-inch PC which is used to houaie 
custon design Interface circuits. This board contains aounting 
positions for up to 117 IC» of the 14- or 1«-piB dual in-line 
variety and U16 axial lead cosponents. IC sockets are not 
provided. Designers say elect to solder ICs or. discrete 
cosponents on the board, or use 300 ail sounting IC sockets. 
Connections to components and connectors are made via 25-ail 
square wire-vrap stakes. Associated aaaoal is 2<^-27l 
GENERAL PURPOSE MIRE WRAP BOARD HAHOAL. 

4.U.2 Universal Interface Nodule <7-inch) 

The Universal Interface Module (UIM) contains the complete 
intpcface to the I/O system. Also included is buffering to 
permit driving external logic which may be located up to ten feet 
^w^y. 

The Uir requires a 16-398 halfboard mounting kit. Included is a 
25-pin cinch (25S) and a mating cinch (25P) connector for user's 
customer cable fabrication. The associated manual is 29-273 
UNIVERSAL INTERFACE NODULE INSTRDCTION HANUAL. 
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1.5 r/0 BACK PANEL LAyOUT 

Figure 4-1 shows the back panel signal layout for a typical slot 
within the I/O chassis. Note that the I/O signals ace duplicated 
on both the connector and 1 sides o£ the slot* Depending on 
the system configuration, these signals nt&y be identical* or they 
may be independent (i.e., multiplexor bus on one side and private 
I/O bus on the other). 



MOTE 



Ml unlabeled back panel pins shown in 
KLgucR t»-1 are reservi^d for other sy«te« 
buses and control signals. The I/O 
interface must not connect to any other 
signals other than the standard signals 
shown. 
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Figure a-1 TtPical I/O Slot Back Panel Signal Layout 
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